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ABSTRACT 



Novel a-amylase enzymes are disclosed in which a new 
calcium binding site is modified by chcmicaUy at geneti- 
cally altering residues associated with that calcium binding 
site. The novel a-amylases have altered performance 
characteristics, such as low pH starch hydrolysis 
performance, stability and activity profiles. 

28 Claims, 8 Drawing Sheets 
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10 30 ^° 

AGCTTGAAGAAGTGAA6AAGCAGAGAGGCTATTGAATAAATGAGTAGAAAGCGCCATATC 

70 90 110 

GGCGCTTTTCTTTTGGAAGAAAATATAGGGAAAATGGTACTTGTTAAAAATTCGGAATAT 

130 150 170 

TTATACAACATCATATGmCAGATTGAAAGGGGAGGAGAATCATGAAAC^^ACAAAAACG 

M K Cj U IS H 

190 210 230 

GCTTTACGCGGGATTGCTGAGGGTGTTATTTGCGGTCATCTTCTrGCTGCCTCATTCTGC 

LYARLLTLLFAL I FLLPHSA 

250 270 290 

AGCAGCGGCGGCAAATCmATGGGACGCTGATGCAGTATnTGAATGGTACATGCCCAA 
AAA ANLNG TLMQYFEWYMPN 

310 330 350 

TGACGGCCAACATTGGAAGCGmGCAAAACGACTCGGCATATTrGGCTGAACACGGTAT 

DGQHWKRLQNDS AYLAEHG 1 

370 390 410 

TACTGCGGTCTGGATTCCCCCGGCATATAAGGGAACGAGCCAAGGGGATGTGGGCTACGG 
TAVW IPPAYKGTSQADVLjYU 

430 450 ^170 

TGGTTACGACCTTTATGATTrAGGGGAGTTTCATCAAAAAGGGACGGTTCGGACAAAGTA 

AYDLYDLG EFHQKG TVRTKY 

490 510 530 

CGGCACAAAAGGAGAGCTGCAATCTGCGATCAAAAGTCTTCATTCCCGCGACATTMCGT 
GTKGELQSA IKSLHSRUIIMV 

550 570 590 

TTACGGGGATGTGGTCATCAACCACAAAGGCGGCGCTGATGCGAGCQAAGATGTAACCGG 
YGDVV INHKGGADATEDVI m 

610 630 550 

GGTTGAAGTCGATCCCGCTGACCGCAACCGCGTAATTTCAGGAGAACACCTAATTAAAGC 
VEVDPADRNRVIS GEHLII^m 

670 690 710 

CTGGACAGATmCATTTTCCGGGGGGCGGCAGCACATAGAGCGATmAAATC 
y^jHFHFP G RGS TYSD FKwnvv 

730 750 770 

GTACCATmGAGGGAACCGATTGGGACGAGTCCCGAAAGCTGAACCGCATCTATAAGT^ 
YHFDGTDWDESRKLNR lYKP 

790 810 630 

TCAAgGAMGGCTOQGATT^GGGAAGTnCCMT^^^ 

FIG.-3A 



U.S. Patent Jun. 9, ms sheet 4 of 8 5,763,385 



850 



870 890 



GTATGCCGACATCGATTATGACCATCCTGATGTCGCAGCAGAAATTAAGAGATGGGGCAC 
YADI DYDHPDVAAEIKRWGT 

910 930 950 

TTGGTATGGCAATGAACTGCAATTGGACGGTTTCCGTCTTGATGCTGTCAAACACATTAA 

WYANELQLDGFRLDAVKH IK 

970 990 1010 

ATTTTGTTTTTTGCGGGATTGGGTTAATCATGTCAGGGAAAAAAGGGGGAAGGAAM^ 
FSFLR DWVNHVR EKTG KbMh 

1030 1050 1070 

TACGGTAGCTGAATATTGGCAGAATGACTTGGGCGCGCTGGAAMCTAITTGAAGAAAAG 
T VAEYWQNDLGALENYLNKT 

1090 1110 ""^^^ 

AAATTTTAATCATTCAGTGTrrGACGTGCCGCrrCATTATCAGTrCCATGCTGCATCGAC 

NFNHSVFDVP LHYQFHAASl 

1150 1170 1190 

ACAGGGAGGCGGGTATGATATGAGGAAATTGGTGAACGGTACGGTCG-nTCGAAGCATCC 
QGGGYDMR KLLNGTVVbKUt- 

1210 1230 1250 

GTTGAAATCGGTTACATTTGTCGATAAGCATGATACACAGCCGGGGCAATCGCTTGAGTC 
LKS VTFVDNHDTQPGQb Lto 

1270 1290 1310 

GAGTGTCGAAACATGGTTTAAGCCGCTTGCTTACGCTTTTATTCTCACAAGGGAATCTGG 

TVQTWFKP LAYAFILTRESG 

1330 1350 1370 

ATACCCTCAGGTmCTACGGGGATATGTACGGGACGAAAGGAGACTCCCAGCGCGAAAT 
YPQVFYG DMYG TKG Ubun c i 

1390 1410 1^*30 

TCCTGCCTTGAAACACAAAATTGAACCGATCpAAAAGCGAGAAAACAGTATGCGTACGG 
PALKHKIEP ILKARKUYATo 

1450 1470 1490 

AGCACAGCATGAmmCGACCACCATGACATTGTCGGCTGGACAAGGGAAGGCGACAG 
AQ HDYFDHHD IVGWTH uo 

1510 1530 1550 

CTCGGTTGCAAATTCAGGmGGCGGCATTAATAACAGACGGACCCGGTGGGGCAAAGCG 

SVANSGLA ALITDCaKlaVa Mi\n 

1570 1590 1610 

AATGTATGTCGGCCGGCAAMGGGCGGTGAGAGATGGCATGACATrACCG 
MYVG RQNA GETWHUi i ui^i no 

1630 1650 1670 

GGAGCCGGTTGTCATCAATTCGGAAGGCTGGGGAGAGpTCACGTAAAGGGCGGGTCGGT 
E pvVINSEGWGEFHVlNooo v 

FIG..3B 
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1690 1710 1730 

TTCAATTTATGTTCAAAGATAGAAGAGCAGAGAGGACGGATTTCCTGAAGGAAATCCGTT 

S I Y V Q R * 

1750 1770 1790 

TTTTTATTTTGCCCGTCmTAAATTTCmGATTACATTTTATAAmATTTTAACA 

1810 1830 1850 

GTGTCATCAGCCCTCAGGAAGGACTTGCTGAGAGTTTGAATCGCATAGGTAAGGCGGGGA 

1870 1890 1910 

TGAAATGGGAAGGTTATGTGATGTAGCAAAGAAAGCAAATGTGTCGAAAATGACGGTATC 

1930 1950 
GCGGGTGATCAATCATCCTGAGACTGTGACGGATGAATTGAAAAAGCT 
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50 



ANLNGTLMQYFEWYMPNDGQHWKRLQNDSAYLAEHGITAVWIPPAYKGTSQADVGYGAYD 



70 90 110 

LYDLGEFHQKGTVRTKYGTKGELQSAIKSLHSRDINVYGDWINHKGGADATEDVTAVEV 



130 150 170 

DPADRNRVISGEHLIKAVATTHFHFPGRGSTYSDFKWHWYHFDGTDWDESRKLNRIYKFQGK 

190 210 230 

AWDWEVSNENGNYDYLMYADIDYDHPDVAAEIKRWGTWYANELQLDGFRLDAVKHIKFSF 

250 270 290 

LRDWVNHVREKTGKEMFTVAEYWQNDLGALENYLNKTNFNHSVFDVPLHYQFHAASTQGG 

310 330 350 

GYDMRKLLNGTVVSKHPLKSVTFVDNHDTQPGQSLESTVQTWFKPLAYAFILTRESGYPQ 

370 390 410 

VFYGDMYGTKGDSQREIPALKHKIEPILKARKQYAYGAQHDYFDHHDIVGWTREGDSSVA 

430 450 470 

NSGUVALITDGPGGAKRMYVGRQNAGETWHDITGNRSEPVVINSEGWGEFHVNGGSVSIY 
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Monnrnm « AMYI ASES HAVING Studies usiag rccombinaot DNA techniques to explore 

ALTERED CAIX:^ ^^^^^ ^^^^^ ^^p^^^ ^^^^ modifying certain 

rKuri!.RiiM ^^.^^ ^.^^ ^^yg gjjg various amylases and 

FIELD OF THE INVENTION 5 glycosylascs have been conducted by various researchers 

. . (Vihinen et al., J. Biochcm.. vol. 107. pp. 267-272 (1990); 

The present invention is directed to a-araylases having ^^^^ ^ ^ ^^^.^^ Engineering, vol 3. pp. 181-191 

altered calcium binding properties. ParUcularly. the present (1990); Takase ct aL. Bioctemica ct Biophysica Acta. vol. 

invenUon is directed to novel a-amylase enzymes having ^^^q, m. 281-288 (1992); Matsui et al., Febs Letters, vol. 

modifications thereto, for cxan^jlc point mutaUons. which ' 216-218 (1992); MaUui ct al.. Biochemistry, vol. 
are intended to alter the binding of calcium at a previously 10 j5p^45i-458 (1992); Sogaard ct al.. J. Biol. Chem.. vol. 

unicnown calcium binding site in the molecule. By altering ^^g 22480-22484 (1993); Sogaard ct al.. Carbohydrate 

the calcium binding properties at this additional site, it is p^i' vol, 21. pp. 137-146 (1993); Svensson. Plant 

possible to improve the stability of the ncKxlificd a-amylase. ^.^^ ^ ^ 141-157 (1994); Svensson et al.. J. 
BACKGROLTND OF THE INVENTION 15 Biotech, vol. 29. pp. 1-37 (1993)). Researchers have also 

^ . . studied which residues are important for thermal stabihty 

a-Araylases (a-L4-glucan-4-glucanohydrola5c. EC ^^^^^ ^ j ^.^^ 264. r). 18933-18938 

3.2.1.1) hydrolyze internal a-1.4-glucosidic Unkages in ^^^g^^. Watanabe et al.. Eur. J. Biochcm.. vol. 226. pp. 

starch, largely at random, to produce smaller molecular 277-283 (1994))* and one group has used such methods to 

weight malto-dcxtrins. a-Amylases arc of considerable -^^^^^^^ mutations at various histidine residues in a Bacii. 

commercial value, being used in the initial stages ncheniformis amylase, the rationale being that BaciUus 

(Uquefaction) of starch processing; in alcohol production; as n^henifonms amylase, which is known to be relatively 

cleaning agents in detergent matrices; and in the texUlc ^h^n^ostable when compared to other similar BaciUus 

industry for starch desizing. a-Araylases are produced by a i^^^s. has an excess of histidines and. thcrcfwe. it was 

wide variety of microorganisms including Bacillus and ted that replacing a histidine could affect the thermo- 

AspergiUus. with most commercial amylases bemg pro- ^^3^^^^^ ^f the enzyme. This work resulted in the identifi- 

duccd from bacterial sources such as BaciUus lichemformis, ^^^^^ stabiHzing mutations at the histidine residue at the 

BaciUus amyloliquefaciens. BaciUus subtiUs or BactUus ^^^^ position and the alanioc residue at position +209 

stearothemwphilus. In recent years, the preferred enzymes (Qcderck ct al.. J. Biol. Chem., vol. 265, pp. 15481-15488 

in commercial use have been those from Bacillus Uchem- ng(^y pR 2 665 178-Al; Joyet et al.. Bio/Technology. voL 

formis because of their heat stability and performance, at ^ 1579-1583 (1992)). 

least at neutral and mildly alkaline pH's. a-Amylascs from different oiganisms have been shown to 
In U.S. Pat No. 5322.778. Uquefaction between pH 4.0 ^^^^.^ three-dimensional structure despite consid- 
and 6.0 was achieved by adding an antioxidant such as ^^^^^^ differences in primary structure. FIG. 1 illustrates the 
bisulfite or a salt thereof, ascorbic add or a salt thereof. g^cture of a-amylase of BaciUus Ucheniforms. While 
crythorbic acid, or phenolic antioxidants such as butylated intcr-specics variation wlU exist between the various 
hydroxyanisole, butylated hydroxytolucnc <x a-tocopherol ct-amylases, it is believed that the major structural dements 
to the Uquefaction slurry. According to this patent, sodium Bacillus lUheniformis a-amylasc arc representative of 
bisulfite must be added in a concentration of greater than 5 ot-amylasc structures in general (sec Brayer ct al.. Protein 
mM. ^ Set, vol. 4. pp. 1730-1742 (1995); Larson ct al.. J. Mol 
In U.S. Pa. No. 5.180.669. Uquefaction between a pH of gi^j 235, pp. 1560-1584 (1994); Qian et al.. J. Mol. 
5.0 to 6.0 was achieved by the addition of carboiiate ion in 31^^ ' 231. pp. 785-799 (1993)). For example, site- 
excess of the amount needed to buffer the solution to the specific mutagenesis has identified three invariant carboxy- 
ground starch slurry. Due to an increased pH effect which ^^^^ invariant histidines (D231. E261, D328 and 
occurs with addition of carbonate ion, tijc sluny is generally jjjQ^ y021 in BaciUus Ucheniformis a-araylase), 
neutraUzed by adding a source of hydrogen ion, for cxan^lc, important fcr catalysis (Svensson, Plant Mol. Biol., voL 25. 
an inorganic acid such as hydrochloric acid or sulfuric acid. p (1994)). and a general mechanism has been proposed 
In per PubUcation No. WO95/10603. a-amylase variants (Mazur el al., Biochem. Biophys. Res. Comm., vol. 204, p, 
are disclosed which have improved laundry or dishwashing 297 (1994)). Residues found which are beUeved to be 
performance and comprise a mutation other than a single jq ijnplicated in calcium and chloride binding have been char- 
mutation at position M197 in BaciUus Ucheniformis acterized and found to be highly conserved among the 
a-amylase. different enzymes (see, e.g.. Kadziola et al., J. Mol. Biol., 
In PCT Publication No. WO94/02597. a mutant vol. 239, p. 104 (1994); Qian et al., supra; Larson et al., 
a-amylase having improved oxidative stability is described supra; Brayer el al., supra; Machius et al.. J. Mol. Biol., vol. 
wherein one or more methionines are replaced by any amino 55 246, pp. 545-559 (1995); and Boel et aL. Biochcm., vol. 29, 
acid except cysteine or methionine. p. 6244 (1990)). 

In PCT Publication No. W094/18314, a mutant Moreover, homologies have been found between almost 

a-amylase having in^oved oxidative stabUity is described all endo-amylases sequenced to date, ranging frona plants, 

wherein one or more of tiic meUiionine, tryptophan. mammals and bacteria (Nakajima et al.. Appl. Microbiol, 

cysteine, histidine or tyrosine residues is replaced with a 60 Biotechnol.. vol. 23, R). 3 5 5-3 60 (1986); Rogers. Biochcm. 

non-oxidizable amino acid. Biophys. Res. Commun., vol. 128, pp. 470-476 (1985); 

In PCT PubUcation No. WO 91/00353. the performance Janccck. Eur. J. Biodicm., vol. 224, pp. 51^524 (1994)). 
diaractcristics and problems associated with Uquefaction There are four areas of particularly high homology in certain 
wiOi wild-type Bacillus Ucheniformis a-amylase arc BaciUus amylases, as shown in HG. 5, wherein tiic under- 
approached by geneticaUy engineering tiie a-amylase to 65 Uncd sections designate the areas of high homology. 
include the specific substitutions Ala-11 l-Thr, His-133-Tyr Sequence aUgnments have also been used to map the rcla- 
and/orThr-149-Ue tionship between BaciUus endo-amylases (Feng ct aL, J. 
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Molcc. Evol.. vol. 35. pp. 351-360 (1987)). The relative 
sequence homology between Bacillus stearothermophilus 
and Bacillus lichemformis amylase is about 66% and that 
between Bacillus licheniformis and Bacillus amyloliquefa- 
ctens amylases is about 81%. as determined by Holm ct al.. 
Protein Engineering, vol. 3. no. 3. pp. 181-191 (1990). 
While sequence homology is important, it is generally 
recognized that structural homology is also important in 
comparing amylases or other enzymes. 

Three dimensional structure similarities between various 
a-amylases (and related amylolytic enzymes like cyclodex- 
trin glcosyltransferases and a-giucosidases) from different 
organisms, despite differences in their primary structure, arc 
found in the common presence of an a/p-barrel forming a 
central part (domain A), a Greek key motif as a separate 
domain C and at least one additional domain, domain B 
(Machius ct al.. supra). Substrate binding is believed to be 
localized to a cleft between the a/^barrel and domain B. 
comprising several p strands of variable length, depending 
on the species (Machius. supra). Also common is a require- 
ment for calcium which is believed to maintain structural 
integrity. Machius discloses a calcium binding site impli- 
cating residues corresponding to N104. D200 and H235 
derived from the crystal structure of a calcium depleted 
a-amyiase from Bacillus licheniformis. In addition to the 
structure for Bacillus licheniformis, the structures for 
Aspergillus niger (Brady et al.. Acta (Zrystallog. B. vol. 47. 
p. 527 (1991)), pig pancreas ((Jian ct at, J. MoL Biol.. voL 
231. p. 758 (1993); Larson ct at. J. Mol. Biol., vol. 235. p. 
1560 (1994)). and human pancreas (Braycr et al., Prot. Sci.. 
voL 4, p. 1730 (1995)) have been determined. 

Despite the advances made in the prior art, a need exists 
for an a-amylase whid) has altered performance, including 
activity and stability, to facilitate their use in starch 
liquefaction, detergents for laundry and dishwashing, 
baking, textile dcsizing and other standard uses for amylase. 
Because conunerdally available amylases arc not accept- 
able under many conditions due to stability and/or activity 
problems, there is a need for an amylase having altered, and 
preferably increased, performance profiles under such con- 
ditions. For example, high alkalinity and oxidant (bleach) 
levels associated with detergents or the extreme conditions 
present during starch liquefaction can result in both desta- 
bilization and lack of activity from a-amylase. Thus, altered 
performance characteristics such as thermostability, pH 
stability, oxidative stability or calcium stability whidi can be 
achieved while also altering, maintaining, or increasing 
enzymatic activity as compared to the wild-type or precursw 
enzyme, would be desirable. Similariy, many a-amylascs 
are known to require the addition of calcium ion for stability. 
This is undesirable in some applications due to increased 
processing costs. 

SUMMARY OF THE INVENTION • 

It is an object of the present invention to provide an 
a-amylasc having altered performance profiles, e.g.. altered 
pH stability, alkaline stability, oxidative stability, thermal 
stability or enzymatic activity. 

It is a further object of the invention to provide an 
a-amylase having altered calcium binding properties, for 
example, having reduced need for added calcium to main- 
tain activity levels. 

It is a further object of the present invention to provide an 
a-amylase having improved performance due to increased 
low pH stability or activity, especially during liquefaction of 
starch. 
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It is still a further object of the present invention to 
provide an a-amylasc having improved performance in high 
temperature cm" pH environments or in the presence of 
oxidants or bleadi. 
5 It is still a further object of the present invention to 
provide an a-amylase having iix^roved performance in 
textile desizing or baking due to altered stability or activity. 

According to the present invention, an a-amylase is 
provided comprising an A domain, a C domain and a 
calcium binding site, wherein the calcium binding site is 
associated with the A domain and the C domain and com- 
prises ligand residues in the A domain and/or the C domain, 
wherein the a-amylase is modified to alter the charaacristics 
of the calcium binding site and thereby alter the performance 
^5 of the a-amylase. 

In a preferred embodiment, the modification comprises a 
genetic modification resulting in a substitution, deletion or 
addition at a residue equivalent to one or nK>re of amino acid 
residues 29^309. 339-347. 402-411. 426^36 or 472^77 
in Bacillus licheniformis a-amylase. In an especially pre- 
ferred embodiment the genetic modification comprises 
substitution, deletion or addition at a residue equivalent to 
one or more of G30L M304, H405. H406 and/or K436 in 
Bacillus licheniformis a-amylase. 

In a con[qx>sition embodiment the present invention com- 
prises a DNA which encodes the a-amylase of the invention. 
In a further composition embodiment the present invention 
comprises an expression vector inccHporating a DNA which 
^ encodes the a-amylase according to the invention, as well as 
a host cell into which such DNA and/or expression vector 
has been transformed, A method embodiment comprises 
expressing a DNA encoding the a-amylasc of the invention 
or an expression vector incorporating such DNA in a host 

In a further composition embodiment the present inven- 
tion con^^es a laundry or dishwashing detergent compo- 
sition which incorporates the a-amylase according to the 
invention. In another composition embodinoent. the present 
40 invention comprises a textile desizing composition which 
incorporates the a-amylasc according to the invention. In 
yet another conq>osition embodiment the present invention 
comprises a starch liquefaction con^sition which incorpo- 
rates the a-amylase according to the invention. In yet 
45 another compositioD embodiment tfic present invention 
comprises a baking aid con^msing the a-amylase according 
to the invention. 

In a process embodiment of the present invention, a 
method of laundering clothing or washing dishes with .a 
50 dishwashing detergent composition which incorporates the 
a-amylase according to the invention is provided. In another 
process embodiment of the present invention, a method of 
desizing textiles with a composition which incorporates the 
a-amylase according to the invention is provided. In yet 
55 another process embodiment of the present invention, a 
method of liquefying stardi with a starch liquefaction com- 
position which incorporates the a-amylasc according to the 
invention is provided. In yet another process embodiment of 
the present invention* a method of baking is provided 
60 comprising adding a composition which incorporates the 
a-amylase according to the invention. 

The modified a-amylases according to the present inven- 
tion will provide scvml important advantages when com- 
pared to prior art a-amylases. For example, one advantage 
65 is found in variants having increased activity at low pH and 
high temperatures typical of common starch liquefaction 
methods. Another advantage is found in variants having 
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inaeased high pH and oxidative sUbUity whid. ^^mcs ^--^^^^J^^^^^^^^^ 

variants having improved stabih^ "V-*^ . ^ "J°m and sequences which control tennination of transcnpt.on 

concentration of calcium .on. The objects and attendam ^^^^j^^ ^ preferred promoter is the Bo«7/«. 5«6fi/» 

advanuges of the present mvcnUonwiU be made mote clear 5 j^^i^^^ The vector may be a plasraid. a phage 

in the followmg detailed descripuon and examples. particle, a DNA intended to effect genomic insertion. i.e.. 

.„,^T^c inicEralion. Once transformed into a suitable host, the vector 

BRIEF DESCRIPTION OF THE DRAWINGS may repUcatc and function independcnUy of the host 

FIG 1 iUustrates the structure of Bacillus licheniformis genome, or may. in some insUnces. integrate into the 

a-WaseshSg dK main-chain folding and the location genome itself. Plasmid and vector are sometunes used 

of Scium Sing site associated with the A domain and interchangeably as the plasmid is the most comrnonly used 

^e B domTn (CaU and a second caldum binding site formof vector at present However, the u,veDt.on .smtetjded 

SscciateTwhh ttie A domain and the C domain (CalB). to include sudt other forms of e)q.ression vectors which 

associaiea wiin uic « „f fi„,i 9f„.fc serve equivalent functions and which are. or become, known 

f^^^' . useful in the present invention are generaUy procaryouc or 

FIGS. 3A-C iUustrate the ^NA^^^*^°"^^| ^^^^^^ ^ eucaiyotic hoVts. including any transfonnable microorgan. 

a-amylase from Bacillus Itchemformis (NOB tJOOl) ana . / ^^^^ expression of a-amylase accOTding to the 

deduced amino acid sequence of the translauon i^oduct as ^^^^^^ invention can be achieved SpecificaUy. host sUains 

described by Gray ct ai., J. Bactcnology, vol. 166. pp. ^^^.^^ ^^^^^ a-amylase is 

635-643 ( 1986). derived arc suitable, such as a Bacillus strain. Preferably, an 

FIG. 4 illustrates the amino acid sequence of the mature 25 ^j^.^y^^s^ jicg3tive Bacillus strain (genes deleted) and/or an 

a-amylase enzyme from Bac/7/«5 /ic/iem/bmuj. a-amylase and protease deleted Bacillus strain (e.g.. 

FIGS. 5A-B illustrate an alignment of the i^imary stiuc- AamyE, A^. Anpr) is used. Host cells are transformed or 

lures of three BaciUus a-amylascs. The Bacillus Uchemfor- transfected with vectors constructed using recombinant 

mis a-amylase (Am-Lich) is described by Gray et al.. J. dna techniques. Such transformed host ceUs are capable of 

Bacteriology, vol. 166, pp. 635-^3 (1986); the BaciUus ^ ^^^^ repUcaUng vectors encoding the a-amyUse and its 

amyloUquefaciens a-amylase (Am-Amylo) is described by variants (mutants) or expressing the desired a-amylasc. 

Takldncn et aL. J. Biol. Chcm.. vol 258. pp. 1007-1013 ^liquefacUon" or "Uquefy" means a process by which 

(1983); and the Bacillus stearothermophilus a-amylase starch is converted to shorter chain and less viscous dextrins. 

(Am-Stearo) is described by Diara et al.. J. Biochem.. vol CcncraUy, this process involves gelatinization of starch 

98, pp. 95-103 (1985). simultaneously with or foUowcd by the addition of 

DETAILED DESCRIPTION OF THE "^^cham binding site** means a region within a-amylase 
I^TVENTION ^ suitable for and acts to bind a calcium ion in the 

"a-Amylasc'' means an enzymatic activity which cleaves 40 presence of free calcium Caldum is gcncraUybcUeved to be 

or hydroiyzcs the a(l-4) glycosidic bond, c.g., that in required to maintain the structural integnty of a-amylase 

starch amylopectin or amylose polymers. a-Amylasc as under many conditions and the amino acid residues mvolved 

used herein includes naturally occurring a-amylases as weU in calcium binding have been shown to be highly consciycd 

as recombinant a-amylases. The a-amylases according to among the different enzymes (Machius et al., J. Mol. Biol., 

the present invention iruy be derived from a precursor 45 vol. 246, pp. 545-559 (1995)). According to ttie i^esent 

amylase The precursor a-amylase is produced by any invention, the characteristics of the calaum binding site are 

source capable of producing a-amylase. Suitable sources of altered compared to a wild-type or precursw a-amylase so 

a-amylases are pmkaryotic ot cukaryotic organisms, includ- as to alter the performance of the a-amylasc. Alteration ot 

ing fungi bacteria. planU cr animals. Preferably, the pre- the calcium binding site may include reducing or increasing 

cursor a-amylase is produced by a Bacillus species such as 50 the affinity of the site to bind calcium ion. By altering the 

Bacillus amyloUquefaciens or BacilUu stearothermophilus; performance is intended to mean the sUbiUty (c.g.. oxidative 

more preferably, the precursor a-amylase is derived from or thermal) or the activity (e.g., the rate or efficiency with 

BacilL Uchemformis, whidi the a-amylase hydrolyzes starch substrate) of die 

A **modified** a-amyUsc is an a-amylase which has been enzyme in its various applications, 
subjected to genetic or chemical modification so as to 55 "Ugand residues" or "calcium ligand" means an aimno 

change its biochemical, structural or physico-chemical prop- acid residue or residues within an a-amylase enzyme which 

erties A "genetic modification" in a-amylase means that the forms a Ugand witii calcium ion bound withm a calaum 

DNA sequence encoding a naturaUy occurring or prccursOT binding site. With respect to d»e calcium bmding site within 

a-amyl^e has been modified to produce a mutant DNA a-araylasc discovered by Applicants, five amino acid 
sequence which encodes the substitution, insertion or dele- « Ugands have been identified which arc behevcd to act as 

tion of one or more amino adds in the a-amylase sequence caldum Ugands. The calcium Ugand ^si(^" 

compared to the naturaUy occurring a-amylasc or a precur- amino acid residues equivalent to G300, Y30Z, 

sor a-amvlasc and D430 in BaciUus licheniforms a-amylase. SpecificaUy 

"Exoression vector" means a DNA construct comprising with respect to these identified calcium Ijgands die carbonyl 

Unked to a suitable control sequence. Such control calcium. 
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According to the present invention, an a-amyUsc com- methods for manipulation of the precursor DNA sequence 
{rising an A domain, a C domain, and a calcium binding site include methods disclosed herein and in commonly owned 
is provided, wherein the calcium binding site is associated U.S. Pat Nos. 4.760.025 and 5,185258, incorporated herein 
with the A domain and the C domain and con^rises Ugand by reference. 

residues in the A domain and/or the C domain, wherein the 5 The major structural elements, including the newly dis- 
a-amylase is modified to alter the characteristics of the covered CalB site which is disclosed herein, and changes 
calcium binding site and thereby alter the performance of the thereto to alter the performance of an a-amylase arc 
a-amylase. described below in general terms as applicable to most 

Also provided is a nucleic acid molecule (DNA) which a- amylases. As shown in FIG. 1, three major domains arc 
encodes an amino acid sequence comprising at least a part jq defined, the A domain, the B domain and the C domain, as 
of the a-amylase provided by the present invention, cxpres- well as two calcium binding sites, CalA and CalB. The A 
sion systems incOTporating such DNA including vectOTS and domain comprises the central portion of the molecule and 
phages, host cells transformed with such DNA. and anti- has been identified as an a/p or TIM barrel. The ct/p barrel 
sense strands of DNA corresponding to the DNA molecule is made of a scries of parallel ^-strands which arc intercon- 
which encodes the amino acid sequence. Similarly, the jj nected by a-heliccs. On the carboxyl end of the enzyme on 
present invention includes a method for producing an one side of the A domain is a region comprising an anti- 
a-amylase by expressing the DNA incorporated on an parallel ^-barrel known as a "Greek key" motif (see. e.g.. 
expression system which has been transformed into a host Richardson et al., Advan. Protein Chem,. vol. 34. 167-339 
cell. (1981); Braden ct al.. Introduction to Protein Strxicture. 

The DNA sequences may be exp-esscd by opcrably 20 Garland PubUshing Inc.. New York (1991)). This domain 
Unking them to an expression control sequence in an appro- has been identified as the C domain. On the c^posite side of 
priate expression vector and employing that expression the A domain from the C domain (the N-terminal) is an 
vector to transform an apjx-opriate host according to well additional domain which comisises several p strands of 
known techniques. A wide variety of host/expression vcctOT variable length dq)cnding on the species, known as the B 
combinadons may be employed in expressing the DNA 25 domain. The B domain has been recognized as being highly 
sequences of this invcnUon. Useful expression vectors, for variable between a-amyUses of diflfcrcnt species and often 
example, include segments of chromosomal, non- comprises extended loops. It is beUevcd that substrate bind- 
chromosomal and synthetic DNA sequences, such as the ing is localized to a deft between the A domain and the B 
various known plasmids and phages useful for this purpose. domain and that the active site is further associated with this 
In addition, any of a wide variety of expression control 30 region of the molecule. The CalA binding site is located 
sequences are generally used in these vectors. For example. within a cleft separating the A domain and the B domain and 
AppUcants have discovered that a prcfared expression is bcUeved to provide stabiUty to this region. The CalB 
control sequence for Bacillus transformants is the binding site disclosed herein is located in the region where 

signal peptide derived from BaciUus subtiUs, AddiUonaUy. the A domain and the C domain interface, 
phage display systems are useful for the invention herein. 35 The discovery of the CalB binding site in a Bacillus 
A wide variety of host ceUs are also useful in expressing a-amy!ase by AppUcants has enabled AK)Ucants to develop 
the DNA sequences of this invention and are contcnaplatcd mutant a-amylases having altered performance, and particu- 
hercin. These hosts may include weU known eukaryotic and larly altered stabiUty. For example, general principles for 
prokaryotic Hosts, such as strains of £, coli, Pseudomonas. stabiUzation oi protein structure may be appUed to the 
BaciUus. Streptomyces, various fungi, e.g., Trichoderma or 40 "gion around the CalB site. Additionally, strategies specifi- 
AspcrgiUus. yeast and animal ceUs. Preferably, the host caUy designed to improve calcium binding at the CalB site 
expresses the a-amylase of the present invention cxtraccl- may be implemented to increase the stabUity <tf the enzyme, 
lulariy to faciUtate purification and downstream processing. Preferably, such modifications are within 15 angstroms of 
Expression and purification of the mutant a-amylasc o£ the the center of mass of the caldum bound to the CalB binding 
invention may be effected through art-recognized means for 45 si^c, more preferably wifliin 10 angstroms of the center of 
carrying out such processes. mass of the calcium bound to the CalB binding site. 

The a-amylases according to the present invention com- Residues in a-araylase arc identified herein for deletion or 
prise an amino add sequence which is derived &om the substitution. Thus, specific residues discussed herein refer to 
amino add sequence of a precursor a-amylase. The precur- an amino add position number which references the number 
sor a-amylases include naturaUy occurring a-amylases and 50 assigned to the mature Bacillus Uchemformis a-amylase 
recombinant a-amylases. The amino add sequence of the sequence iUustratcd in HG. 4, The invention, however, is 
a-amyUsc mutant is derived from the precursor a-amylase not Umited to the mutaUon of the particular mature 
amino acid sequence by the substitution, ddetion or inser- a-amylase of Bacillus Uchetufomus but extends to non- 
tion of one or more amino adds of the precursor amino acid BaciUus licheniformis precursor a-amyUses contaimng 
sequence. Such modification is generaUy of the jH-ecursor 55 amino add residues at posiUons which arc equivalent to the 
DNA sequence which encodes the amino add sequence <rf particular identified residue in Bacillus licheniformis 
the precursor a-amylase rather than manipulation of the a-amylase. A residue of a precursor a-amylase is equivalent 
precursor a-amylasc enzyme per se. Methods for modifying to a residue of Bacillus licheniformis a-amylase if it is either 
a-amylase genes (Le.. through site-directed oUgonucleotide honaologous (Lc.. corresponds in position for either the 
mutagenesis) and transforming, expressing and secreting 60 primary or tertiary structure) or analogous to a specific 
enzyme products produced pursuant to the mutagenized residue <x portion of diat residue in Bacillus lichenifomus 
gene have been described in the prior art, induding PCT a-amylase (i.e.. having the same <x similar functional capac- 
PubUcation No. WO95/10603 (Novo Nordisk), PCT PuWi- ity to combine, react or interact chcmicaUy or structuraUy). 
cation No. WO94/02597 (Novo Norxlisk), PCT PubUcation In order to establish homology to primary struaure. the 
No. W094/18314 (Gencncor International. Inc.) and PCT 65 amino add sequence of a precursor a-amylase is directly 
PubUcation No. W091/(X)353 (Gist Brocades), sudi disdo- compared to the Bacillus Uchenifomis a-amylase primary 
sures being incorporated by reference. AddiUonal suitable sequence and particulariy to a set of residues known to be 
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invariant to all a-amy.ases for which sequences are Lnown 'ogu« ^B-, l"^%^,^i\l^r^.''S:iZ 

(see. e.g.. FIG- 7). It is possible also to «»«e,mune cqu.va^nt effete to stabilize distinrt 

iesiduel by tertiary structure analysts of "Vi^J^^^ ^12^ sJ^Ss rrelation to each other. Modification at 

tures reported for V^^^^P''''^^'':^l'^^i^'o^ « , STlSer the sUbiUty of the segment at 29(^309 by 

al.. EMBO Jountal. 6jPP^3W9-|916^^^^^^ 5 WU conformaUonal variabUity of 

al.. Biochemistry, vol. 33. pp. «84-«94 (IWU i^o^ Specifically contemplated are substituUons of 

al.. J. Mol. Biol., vol. 235 pp. 1560- (1994y), Taka 8 y?^";" ^P'^ y^^, ,1^^, Modification at G474 

amylase A from /l.p*^.//^ 1^702 O^S and aJacid by'Slacement with another residue may inaease stabQity 

I'Z^f^^^ A- .S^rts'^'eSS^^ 29. .3 b^ inLuci.g a Cp. thus lowering its conformaUonal free- 

pp. 6244^249(1990)). withfte fc^^^^^^^ W Decreasing internal caviUes by inaeasing side-chain 

^'ff.fi'onleTJ/H"^^^^ hy2ophobicityiyalterthcstabaityofanenzyme.Rcduc- 

^'f^^iial^r^Mt^^tcri have been some ing the number and volume of internal cavjUes increases the 

ShXsuriki ct al. J. Biochem.. ,5 stability of enzyme by maximizing hydrophobic mteraclions 

■^f^rL^i 38? nS- L^^ct al.^^ Biochem. " and reducing packing defects (see. e.g.. Matthews Ann. Rev. 

Biol., vol. 234. pp. 1282-1283 (1993)). «h«c is oriy a v«l. 29^P^ 17 -179 (1988)^^^^^^^ 

^bushed J'-^' Str24^ p";^^^^^^ Z^ ^lSif^^'^l^^ hydrophobic sub-unit 

secondary f^j^isz (WSgyfand within is beUeved by AppUcants to be appUcable to domain inter- 

rm ?9r (tsr-i^etrhisiy'^^^^^^^^ suSstvs^Te- 

^own ^HG 7^iin^5 «sid^^^ w hy<l«>Phobicity and ir^rove the comp^^nun^ 

"S'^::nrSusepolypep.dechainwM^^ SZn'Tat V4C«.com^jsol.cine or .^^^^ 

sHi7?^if.s»td'SS7rr^^ ~?i--^^-r^Sv^^^^^ 

«S?o Jteld vaSnuthat modulate the sUbiUty of with negative charge on a^artic ^'''^^y "^^^^^f f,?' 

a^sl vi^a modulation of the affit^ty of calcium at this t-J^--^^^^^^^^^ 

" Additional more specific stnaegies are provid^^^^ . t^^R^g ^oSe^^Lr^^^ 

(1) Increasing the entropy of ma^-diain o'^ing rnay ^™^^.l^Vterminus inP-turns should be effective in 

introduce stability to the enzyme. For example, the intro- "•^ wrth'X^"^ ^^uity. Substitution of H405 

ductionofprolineresiduesintoposiUonlofreverseturnsat 'J^^^^'Sr^'iTreridue could remove an 

the N-termini of a-heli«s and in loop ~es may ^^^f^*^^ interacting with the amide 

significanUy stabilize the protein by increasmg the entropy 55 "T^^f^^^ Ae^5-408 turn. 

of'theunfoldiDg(sec.e.g..Watanabeetal..Eur. J.Biochem.. "'^f " "^^"^ '^jf'^^^^ hydrogen bonds to sta- 

Uchaxiformis. preferably with an alanine, may reduce me ^^r'^'y* ^""^^^ hvdro£en bonds, and the num- 
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asparagioe, glutamic acid or glutamioe may introduce a 
hydrogen bond with the backbone amide of D407. thus 
stabilizing the 405-408 turn. Substitution at K436 with 
arginine may improve the salt bridge with IM04 and intro- 
duce an H-bond into the backbone carlx}nyl of 1408. 

(5) Avoiding thcnriolabile residues in general may 
increase thermal stability. For example, asparagine and 
glutamine are susceptible to deamidation and cysteine is 
susceptible to oxidation at high tennperature. Reducing the 
number of these residues in sensitive positions may result in 
improved thermostability (Russei et al.. supra). Substitution 

deleUon at Q291. Q298. N309. Q340 or N473 by any 
residue other than glutamine or cysteine may icKn'ease sta- 
bility by avoidance of a thermolabile residue. 

(6) Introducing a sixth ligand from the protein to the 
calcium ion may improve the stability <^ the bound calcium 
and. thus, the enzyme. Substitution of H406 with aspartic 
acid asparagine. glutamic acid or glutamine may increase 
the calcium affinity. 

(7) Stabilization of the existing ligands to calcium in CalB 
may also improve stability of the bound calcium and, thus, 
the enzyme. For example, M304 may be substituted with 
phenylalanine or tyrosine to introduce aromatic side-chain/ 
aspartic acid side-chain stabilization where the carboxylate 
oxygen may interact favorably with the partial positive 
charge associated with benzyl rings, increasing the stability 
of D407 and D430. Substimtion of H405 with phenylalanine 
OT tyrosine to introduce a hydrophobic group near D407, 
may increase the stability of D407 via fonnation of favor- 
able van der Waals interactions with C-b and C-g atoms of 
the D407 side-chain. Substitution at G300 with phenylala- 
nine may remove the side-chain H-bond to Q291. 

(8) Increasing the electronegativity of any of the calcium 
ligands may improve calcium binding. For examine, substi- 
tution of M304 with phenylalanine or tyrosine may increase 
the electronegativity of D407 and D430 by improved shield- 
ing from solvent thereby improving calcium binding. 

(9) Removing positive-charges in the vicinity of the 
calcium ion that may interfere with the calcium binding 
should similarly improve the calcium binding site stability. 
For example, substinjting H405 or H406. which are in the 
immediate vicinity of the bound calcium, may have positive 
charge that could produce unfavorable charge-charge inter- 
actions with the positively charged calcium ion and may 
have competing charge-charge interactions with negatively 
charged calcium ligands. Thus, replacement with a suitable 
non-positivcly charged residue may increase calcium affinity 
and protein stability. 

(10) Stabilization of the CalB binding site by introducing 
negatively charged residues in the vicinity thereof may also 
improve the binding of the calcium ion in the site (sec. e.g.. 
Pantoliano ct aL. Biochemistry, voL 27. pp. 8311-S317 
(1988); Bryan, Stability of Protein Pharmaceuticals Part B: 
In vitro Pathways for Degradation and Strategies for IVotein 
SlabilizatioD (Ahcrn & Manning, Eds.), pp. 147-181 (1992); 
Fagain, Biochim. Bio^iys, Acta, vol. 1252. pp. 1-14 (1995) 
). For examine, substitution of Q291, Q298, N309, Q304, 
H405, H406, N473 and/or G474 with negatively charged 
aspartic acid or glutamic acid will increase the net negative 
charge in the calcium area and may increase calcium affinity 
and. thus, enzyme stability. 

The a-amylases according to the present invention may 
exhibit altered performance characteristics providing desir- 
able and unexpected results which are useful in the various 
applications for which a-amylases are commonly used. For 
example, a-amylascs according to the present invention 
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which exhibit altered performance characteristics at low pH. 
including improved thermostability, improved pH stability 
and/or improved oxidative stability, are useful in low pH 
liquefaction of starch. Enhanced thermostability will be 

s useful in extending the shelf life of products which incc^*- 
porate them. Enhanced oxidative stability or improved per- 
formance is particularly desirable in cleaning products, and 
for extending the shelf life of a-amylase in the presence of 
bleach, perborate, percarbonate or pcracids used in such 

,Q cleaning products. To the contrary, reduced dicrmal stability 
or oxidative stability may be useful in industrial processes 
which require the rapid and efficient quenching of aray- 
lolytic activity. Additionally, a reduced requirement or stron- 
ger affinity for calcium would be advantageous in the 
presence of sequestering components generally found in 
detergents, i.e., builders. 

The a-amylasc of the present invention is especially 
useful in starch processing and particularly in starch lique- 
faction. Conditions present during coimncrcially desirable 

20 liquefaction processes characteristically include low pH. 
high temperature and potential oxidation conditions requir- 
ing a-amylases exhibiting improved low pH performance, 
improved thermal stability and improved oxidative stability. 
Accordingly, a-amylases according to the present invention 

2s which are particularly useful in liquefaction exhibit 
in^rovcd performance at a pH of less than about 6. prefer- 
ably less than about 5.5, and more preferably between atxxjt 
5.0 and 5.5. Additionally, a-amylases according to the 
present invention which exhibit increased thermal stability 

30 at temperatures of between about 80°- 120° C, and prefer- 
ably between about lOO^-lIO^ C. and increased stability in 
the presence of oxidants wUl be particularly useful. 
Preferably, the a-amylase according to the present invention 
which is used in liquefacdon further comprises a deletion or 

35 substitution at one or more of positions M15. V128. H133, 
W 13 8, N188. A209 and/or M 197. 

In another embodiment of the present invention there are 
provided detergent compositions in either liquid, gel or 
granular form, which comprise the a-amylasc according to 

40 the present invention. Such detergent coii^>ositions will 
particularly benefit from the addition of an a-amylase 
according to the present invention which has increased 
thennal stability to improve shelf-life or increased oxidative 
stability such that the a-amylase has in^roved resistance to 

45 bleach or pcracid compounds commonly present in deter- 
gents. Thus, a-amylase according to the present invention 
may be advantageously formulated into known powdered, 
liquid or gel detergents having a pH of between about 6.5 
and about 12.0. A preferred embodiment of the present 

30 invention further comprises a deletion or substitution al one 
or more of positions M15. V128, H133. W138. N188, A209 
and/or M197. Detergent compositions comprising the 
a-amylase according to the present invention may further 
include other enzymes such as cndoglycosidases. ccUulases. 

55 proteases, lipases or other amylase enzymes, for example 
amylase derived from Bacillus stearothennophHus, as is 
generally known in the art. 

Embodiments of the present invention which con^^rise a 
combination of the a-amybse according to the present 

60 invention with protease enzymes preferably include oxida- 
tively stable proteases such as those described in U.S. Pat. 
No. Re 34.60i5, incorporated herein by reference, as well as 
commercially available enzymes such as DURAZYM 
(Novo Nordisk), MAXAPEM (Gist-brocades) and 

65 PURAFECr®QxP(Gcnencor International. Inc.). Methods 
for making such protease mutants (oxidatively sUble 
proteases), and particularly such mutants having a substitu- 
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tion for the methionine at a posiUon equivalent to M222 in 
Bacillus amyloliquefaciens. are described in U.S. Pat. No. 
Re 34.606. 

The foUowing is presented by way of example and is not 
to be construed as a Umitation to the scc^ of the claims. 
Abbreviations used herein, particularly three letter or one 
letter notations for amino acids arc described in Dale. J. W.. 
Molecular Genetics of Bacteria, Jdin WUey & Sons. (1989) 
Appendix B. 
Experimental 

EXAMPLE 



Preparation of Bacillus Ucheniformis a-Amylasc 
Crystals 

Crystals were grown in 10 pL hanging drops, from 
i.6-1.8M UjSO^. 1 mM CaClj. 50 mM NaCl. buffered at 
pH 6.5 with 200 mM bistrispropane. The crystals grow as 
elongated prisms, to a maximum dimension of approxi- 
mately 1.5 rmn, in 7-14 days. The space group is P2i2i2,. 
with a=U8.3A, b=119.0A and c=84.9A. The Matthews No. 
(see Matthews. J.. Mol. Biol., vol. 33. pp. 409 (1968)) is 
3.01. assuming 2 molecules in the asymmetric unit, which is 
within the normal range. Data were recorded using an 
RAXISn image plate system, mounted on an RU-200B 
rotating anode X-generator. producing graphite monochro- 
mated CuK<^ radiation. Data were i^ocessed and reduced to 
ampUtudes using software distributed with the system by 
Molecular Structures Corp. (The Woodlands, Tex.). The 
phase information was determined using multiple isomor- 
phous replacement (MIR) supplemented with anomalous 
scattering data (MIRAS). and subsequent density modifica- 
tion. Heavy-atom derivatives were prepared by conventional 
soaking methods, except for the SmQa, derivative, which 
was prepared by co-crystaUization. Heavy-atom positions 
were located using difference Pattersons and cross-phased 
difference Fouriers. Excellent anomalous scattering data was 
obtained for a SmClj derivative, which was used to find the 
correct hand, and put all heavy-atoms on a common origin. ^ 
Heavy-atom positions were refined and MIRAS phases 
calculated, using Xheavy (Zhang et al.. Acta O^staUog. A. 
vol. 46, pp. 377 (1990)). Phases were improved by solvent 
flattening, with SQUASH (McRee. J.. MoL Graph., vol. 10, 



domain B. At this point, only one molecule was built to the 
symmetry averaged map. the second being generated using 
the local syimnetry operator. The Ca posiUons were 
identified, and the main-chain built using overlapping 
5 pcntamcrs. drawn from a database of weU refined structures 
(Zhang, supra; Jones et al.. EMBO, vol. 5. pp. 819 (1986)). 
At domain B, much of the map was uninterprctable and only 
residues 105-116 and 133-169 could be buUt. Dummy 
alanines were buUt for those residues for which no side- 
10 chain density was evident. This initial model was refined 
using a simulated annealing slowcool protocol (initial temp= 
3000K). followed by conventional least-squares refinement, 
using Xplor (Brunger et al.. Acta CrystaUog. A. vol. 45. p. 
50 (1989)) for data between 15-3.0A (F^3o). with non- 
15 crystallographic symmetry restraints applied. This model 
converged at an R-factor of 0.28. MIRAS and model phases 
were combined using sigmaA (Read. Acta Crystallog. A, 
vol. 42. pp. 140 (1986)). to produce a 2.2A map. Missing 
residues were built, along with considerable manual adjust- 
20 ment of the rest of the sdiJCturc. and then refined using 
simulated annealing (initial temp=lOOOK). using data 
between 8.0 and 2.2A (F^3o). The model converged at an 
R.factor of 0.245. Subsequent restrained isotropic B-factor 
refinement gave an R-factor of 0.225. SigmaA weighted 
25 2fo-fc and fo-fc maps were con^suted using calculated 
phases and used to identify errors, and to locate the calcium 
ions. Upon obtaining 1.9A native data, fo-fc and 2fo-fc 
diflfercnce maps were used to locate remaining errors and 
identify ordered water molecules, followed by PoweU mini- 
mization and stercochcmically restrained B-factor refine- 
ment 

The R-factor of the present model is 0.19, (15-1.9A. 
F^3oF). The model contains 7914 non-hydrogen atoms, 
and includes 630 water oxygen atoms, and three calcium 
atoms. It shows good geometry, with r.ms deviations of 
0.012A and 135^ from ideal bond lengths and angles, 
respectively. The Ramadiandron plot of <t> and angles 
shows tiiat residue 150 is the only non-glycine residue to 
deviate significantly from allowed regions. 

B. lichemformis a-amylase contains 483 residues. In the 
present model the first tiirec residues of the N-tcrminus and 
the C-terminal residue arc missing. Also missing are resi- 
dues 181-195 of molecule 1, and 181-193 of molecule 2. 
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flattening, with SQUASH (McRee. J.. MoL urapn.. voi. lu, aues «i m^^i^ux^ — Jli Tn t^kip i 

pp. 44 (1992)). TMulting in a 3.0A map in which most of the The daU derived from this example is provided m Table 1 
secondary structure elements of both molecules could be 



identified. Model building, real space refinement and sym- 
metry averaging were performed using Xfit (Zhang, supra). 
The Ca positions of the ^-strands and a-heliccs of the a/p 
barrel domain, and the C-terminal of all P domains of both 
molecules were identified. The TIM barrel of AspcrgiUus 
a-amylase (PDB entry OTvl,) (Swift et aL, Acta CiysiaUog. 
B, vol. 47. pp. 535 (1991)) was approximately overlaid the 
Ca trace of both molecules of the asymmetric unit and were 
accurately positioned using real-space refinement of the 
entire unmodified domain. This allowed accurate determi- 
nation of tiie local symmetry operator, which was used i<x 
non-crystallographic symmetry averaging of the m^. This 
resulted in a significant improvement of the map, except fcs 



TABLE 1 



Datasct Rcsolutkm RmciBc R-dcriv. N sites 



Pbasing 
power 



50 



55 



Native 
SmClj 
Me 
PtCU 

McjPb] 



50-U8 A 0.09 








50-2.2 k 


0073 


4 


1.45 


50-3.0 A 


0.259 


5 


1.22 


50-3.0 A 


0.249 


5 


1.29 


50-3jO A 


0.124 


4 


1JJ3 


50-3jD A 


0.226 


4 


\m 


50-2.2 A 


0.133 


12' 


1.48 


50-2.2 A 


0.186 


2 


1.29 



Scatt. 



Y 
N 
N 
N 
N 
Y 
Y 
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SEQUENCE USTTNG 



( I ) GHNERAL INPORMAnON: 



{ i i i ) NUMBER OF SEQUENCES: 5 



< 2 > INPDRMAnON FOR SEQ ID NO: 1: 



( i ) SEQUENCE CHARACTERISTICS: 



( A ) LENGTH: 1968 base pam 
( B > TYPE: nodeic acid 



< C > STRANDEDNESS: uaek 
( D )TOPOUX3Y: linear 



( i i t MCH^ECULE TYPE: DNA (gcQoiaic) 



( V i ) ORIGINAL SOURCE: 

( A } C^GANISM: Badlhu bcbcnifomus 



( X i ) SEQUENCE DESCRiraONiSEQ ID NO: 1: 

AOCTTOAAGA AGTOAAGAAO CAGAOAOOCT ATTOAATAAA TOAOTAOAAA OCOCCATATC 

OGCOCTTTTC TTTTOOAAOA AAATATAOOG AAAATOGTAC TTGTTAAAAA TTCOGAATAT 

TTATACAACA TCATATGTTT CACATTOAAA OOOOAOGAOA ATCATGAAAC AACAAAAACO 

OCTTTACOCC CGATTOCTOA COCTOTTATT TGCOCTCATC TTCTTOCTOC CTCATTCTOC 

AOCAOCGOCO OCAAATCTTA ATOOOACOCT OATOCAGTAT TTTGAATOOT ACATOCCCAA 

TOACGGCCAA CATTGOAAOC OTTTOCAAAA CGACTCGOCA TATTTOGCTO AACACOGTAT 

TACTGCCOTC TGGATTCCCC COGCATATAA GOOAACGAGC CAAOCOGATO TOOGCTACOO 

TOCTTACOAC CTTTATGATT TAGOOOAOTT TCATCAAAAA OOOACOOTTC OOACAAAGTA 

CGGCACAAAA OCAGAOCTOC AATCTGCOAT CAAAAOTCTT CATTCCCGCG ACATTAACOT 

TTACOOGGAT GTOGTCATCA ACCACAAAOG COOCOCTOAT OCGACCOAAO ATOTAACCOC 

OOTTOAAOTC OATCCCOCTO ACCOCAACCO CGTAATTTCA OOAOAACACC TAATTAAAOC 

CTOOACACAT TTTCATTTTC COGGOCOCOC CAGCACATAC AOCCATTTTA AATOGCATTG 

OTACCATTTT OACOOAACCO ATTGOGACOA OTCCCOAAAO CTOAACCOCA TCTATAAOTT 

TCAAGOAAAO OCTTOOOATT OOOAAOTTTC CAATOAAAAC OOCAACTATO ATTATTTOAT 

OTATOCCOAC ATCOATTATO ACCATCCTOA TOTCOCAOCA OAAATTAAOA OATOOOOCAC 

TTOOTATGCC AATOAACTOC AATTOGACOO TTTCCOTCTT GATOCTOTCA AACACATTAA 

ATTTTCTTTT TTOCOOOATT OOOTTAATCA TGTCAOGGAA AAAACOOOOA AGGAAATGTT 

TACGOTAOCT OAATATTOOC AOAATOACTT OOOCOCOCTO OAAAACTATT TOAACAAAAC 

AAATTTTAAT CATTCAOTOT TTOACGTGCC GCTTCATTAT CAOTTCCATG CTOCATCGAC 

ACAOOOAOGC GGCTATOATA TOAGOAAATT OCTGAACOOT ACOOTCGTTT CCAAOCATCC 

OTTGAAATCO GTTACATTTG TCOATAACCA TOATACACAO CCOOOOCAAT COCTTOAGTC 

OACTOTCCAA ACATOGTTTA AOCCOCTTOC TTACOCTTTT ATTCTCACAA OGOAATCTGO 

ATACCCTCAG GTTTTCTACO OOOATATOTA COOOACOAAA OOAOACTCCC AOCGCOAAAT 

TCCTOCCTTO AAACACAAAA TTGAACCOAT CTTAAAAOCO AGAAAACAOT ATOCOTACOO 

AOCACAOCAT OATTATTTCO ACCACCATGA CATTOTCOOC TOOACAAOOG AAOGCGACAO 

CTCGOTTOCA AATTCAOOTT TOOCOOCATT AATAACAOAC OGACCCGOTO OOOCAAAOCO 

AATOTATOTC OOCCOOCAAA ACGCCOOTOA OACATOOCAT OACATTACCO OAAACCOTTC 
OOAOCCOCTT OTCATCAATT COGAAOGCTO GOOAOAOTTT CACGTAAACG OCOOOTCOGT 
TTCAATTTAT OTTCAAAOAT AOAAOAOCAO AOAOOACOOA TTTCCTOAAO OAAATCCOTT 



6 0 
t 1 0 
t & 0 

2 4 0 

3 0 0 

3 6 0 

4 2 0 
4 8 0 
3 4 0 

6 0 0 
66 0 

7 2 0 

7 8 0 

8 4 0 

9 0 0 
9 6 0 

10 2 0 
10 8 0 
114 0 
12 0 0 

12 6 0 

13 2 0 

13 8 0 

14 4 0 

15 0 0 

15 6 0 

16 2 0 

16 8 0 

17 4 0 
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96 8 



XT OCCCOTCTTA TAAATTTCTT TOATTACATT TTATAATTAA TTTTAACAAA .SOO 

OTcicATCAO CCCTCAOOAA OOACTTOCTO ACACTTTOAA TCOCATAOOT AAOOCOOOOA .S60 

XOAAATOGCA ACGTTATCTO ATOTAOCAAA OAAAGCAAAT OTOTCOAAAA TOACOGTATC 19=0 

CCGGGTGATC AATCATCCTG AGACTGTGAC OGATGAATTG AAAAAGCT » 

( 2 ) INPORMATIW FOR SEQ ID NO: 2: 

( t > SEQUENCE CHARACTERISTICS: 

< A ) LENOTH: 483 amioo »cid$ 
{ B ) TyPE: aonoo acid 
( C 1 STRANDEDNESS: uagk 
( D ) TOTOLOOY: lioMf 

( i i ) MOLECULE TYPE: protein 

( V i ) ORIGINAL SOURCE: 

( A > ORGANISM: BacUhu licbenifoonis 

( « i > SEQUENCE DESCRIPnON: SEQ ID NO: 2: 

A.. L.« A.. O., Ttr U.u M.. 0.» Ty. Pbc O.u T,p T,r M.. P.. 



5 



A.. A.p 0., 0.= Hi. I.P L,. A., L<. O.. A.. A.p S.r A.. T.. Lc. 

2 0 2 5 

A.. O.u Hi. O.y ... Tb. A., v.. Trp ... Fro P.c A.. Ty, Ly. O., 

35 

Ttr S.. Ol. A.. A.p V.I O.y Ty, O.y A.. Ty, A.p Leo Tyr A.p L.o 

30 " 
O.y O.u Pb. Hi. O.n Ly. O.y Tbr V., A,, T.r Ly. Ty. O.y Tb. Ly. 

65 '0 " 

O.y Ol. L.» O.. SC. A.. ... Ly. S., U.u Hi. S., A,B *.P M. A.. 
« 5 

v.. ly. O.y A.p v.. v.. ... A.. H^. Ly. O.y O.y A.. A.P A.. Tb. 

10 0 ' ' 

O.u A.p v.. Tbr Al. V.. O.u V.. A.p Pr. A.. A.p A.. A.. A,, V.. 

115 >»<> 
,,. s.. O.y O.u Hi. A., ... Ly. A.. T,p Tb. Hi. Pb. Hi. Pb. P.. 

.JO ' * ' 

O.y A.s O.y S.. Tb. Tyx S.. A.p Pb. Ly. T . p Hi. T.p Ty. Hi. Pb. 
.45 "O 

A.p O.y Tb. A.p T.p A.p O.u S., A.. Ly. L.u A.. A., ... Ty. L y . 

16 5 > ^ 

Pb. O.. o.y Ly. A.. T.p A.p T.p O.u v.. S.. A.. O.u A.. O.y A.u 

ISO ^ * * 

Ty. A.p Ty. L.u Me. Ty. A.. A.p ... A.p Ty. A.p Hi. P.. A.p v.. 

l»5 2«» 

A.. A.. O.u ... Ly. A,, T.p O.y Th. T.p Ty. A.. A.. O.u L.u O.u 

2 10 2 * * 

L.u A.p O.y Pb. A.. L.u A.p A.. V.. Ly. Hi. ... Ly. Pb. S.. Pb. 

jjj SJO 2>5 

L.u A,, A.p.T.p v.. A.. Hi. v.. A,, O.u Ly. Tb. O.y Ly. O.u M.. 

2 4 5 2 5 0 

Ph. Tb. V.l A.. O.u Ty. T.p O.. A.. A.p L.u G.y A.. L.u O.u A.u 

2 6 0 " ' 

Ty. L.u A.n Ly. Th. A.. Pb. A.. Hi. S.. v.. Pb. A.p v.. P.o L.u 

2 7 3 2 » 0 

Hi. Ty. O.. Pb. Hi. A.. A.. S.. Th. O.. O.y O.y O.y Ty. A.p M.. 
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A r g L y t Leu 

3 0 5 



Leu Ain Ser Tbr Val V.I Set Lyi Hii Pro Leo Ly» Al» 

3 10 3 15 3 2 0 

V.I Thi Phe V.l A»p A»D Hi« Aip Thr OIq Pro Oly OJn Set Leu Olu 

325 330 335 

Val OlD Tbr Trp Phe Ly» Pro Leu Ala Tyr Ala Pbe lie Leu 



Ser Tbr 



Thr A r (t 



CJu Ser Gly Tyr Pro OJn Vat Phe Tyi Oly A»p Mei Tyr Gly 
355 360 363 



Tbr Lyi Oly A»p Set Oln Arg 



Olu lie Pio Ala Leu Lyi Hit Lyi lie 
3 8 0 



Glu Pro lie Leu Ly. Ala Arg Lyi Gla Tyr Ala Tyr Gly Ala OId His 
3*5 390 395 *00 

A.p Tyr Phe Aip Hi» His A.p lie Val Oly Trp Thr Arg Olu Oly A.p 
4 0 5 * I 0 ♦ * ' 

Sci Ser Val Ala A»n Ser Oly Leu Ala Ala Leu lie Tbr Aip Oly Pro 
420- ♦S' 430 

Gly Oly Ala Lyi Arg Met Tyr V.I Gly Arg Ola Am Ala Gly Olu Thr 
435 440 **5 

Trp Hii Aip Me Tbr Oly Aia Arg Ser Olu Pro Val Val lie Ajo Ser 
450 455 

Olo Gly Trp Oly Olu Pbe Hit Val Aid Gly Oly Ser V.I Sei lie Tyi 
465 470 *75 480 

Vat Olo Arg 

) INPORMAnON FOR SEQ ID NO: 3: 

< t ) SEQUENCE CHARACTERICTICS: 

( A > LENGTH: 5U amtao acids 
( B > TYPE: MxaMO acid 
( C ) STRANDEDNESSi iiagic 
( D >T0POU)OY:fia«r 

( i I > MOLECULE TYPE: proteia 

< » i > SEQUENCE DESCRIPnON: SBQ ID NO: 3: 

Met Lyi Oln Olo Ly* Atg Leo Tyr Ala Arg Leo Leu Tbr Lcn Leu Phe 
I 5 10 >5 

Ala Leu lie Pbe Leu Leu Pro Hit Ser Ala Ala Ala Ala Ala A » a Leu 

20 25 30 

Aid Oly Thr Let) Met Oln Tyr Pbe Olo Trp Tyr Met Pro Ain A.p Oly 
3 5 40 - 45 

Hi. Trp Lyi Arg Leu Olo A.o A.p Ser Ala Tyr Leo Ala Olu Hi. Oly 

5 0 3 3 * 0 

lie ThT Al. V.I Trp lie Pro Pro Ala Tyr Ly. Oly Thr Sei Oln Ala 
65 70 75 »0 

Aip Val Oly Tyt Oly Ala Tyr A.p Leu Tyr A.p Leo Oly Olo Phe Hi. 

8 5 9 0 9 5 

Oln Ly. Oly Tbr Val Arg Tbr Ly. Tyr Oly Thr Ly* Oly Olu Leu Oln 
10 0 < 0 5 110 

Ser Ala lie Lyi Scr Leu Hi. Ser Arg A.p lie A.n Val Tyr Oly A.p 
J 1 5 12 0 » 2 5 

V.I V.l lie A. a Hi. Ly.Oly Oly Ala A.p Ala Tbr Gib Aip Val Thr 
130 135 t40 

Ala Val Olu V.l A.p Pro Ala A.p Arg A.. Arg Val lie Ser Oly Olo 
145 150 155 
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21 

-continued 

Hi. t.o ... LV. A.. T,p T., HI. F >. . H^. Ph. P.. O., Ar, O., S., 



,r Tyi Ser A»p Phe Ly. Trp His Trp Ty 
18 0 * * ^ 



rp Tyr Hit Phe AJp Oly Thi A»p 
1 9 0 



19 5 ^ ° ° 



Ala Trp A»p Trp Glu Val Sei A«n 



Olu A»B Gly Ata Tyr A»p Tyr L « « 

2 2 0 



T,r A.. A.P ... A.p T,. A.p Hi. P.. A.p V., A,. A.. 0.» ... 

2 2 5 ' 

A., T.P O.y Tb. Trp Ty. A.. A.. O.u L.u O.. L.u A.p O., Ph. 

2 4 5 2 5 0 

X,, L.. A.p A., v.. L,. Hi. ... L,. Ph. SC. Ph. Lc. A.g A.p T.p 



V«l A»o His Val Ai| 
2 7 5 



Olu Ly. Tbr Gly Lys GJu Met Phe Tbr V.l At. 



Ala Leo Glu A»n Tyr Leu Alo Ly» 

3 0 0 



Glu Tyr Trp Glu Ain Asp Leu Gly 
290 295 

Hi. Ser V*l Phe A.p V.l Pro Leo Hi. Tyr Gin Phe 



Thr A.n Pbe A»n 

3 0 5 

His Ala Ala Sex 



Thr Gin Gly Oly Oly Tyr Asp Me. Arg Ly. Leu Leu 

325 330 535 

Oly Thr val Val Ser Lys Hi. Pro Leu Ly. Ser Val Thr Phe V.l 

3 4 0 3 * ' 

A.p A.. Hi. A.p Tb, G.. Pro O.y O.n S.r I... O.. Sc. Thr V.. O.. 

3 5 5 3 * 

Thr Trp Ph. Ly. Pr. L.. A.. Tyr A.. Phe I.. L.= Thr Arg 0.» S.r 
3 7 0 

O.y Ty. Pro O.o v.. Ph. Tyr Oly A.p M.. Ty. 01, Thr Ly. O.y A.p 
>»5 

SO, O.. A., O.o ... P.. A.. L.u V,. Hi. Ly. ... O.u Pro . L.u 

4 0 5 * * ° 

Ly. A.. A., Ly. O.o Tyr A.. Ty. O.y A.. O.. Hi. A.p Tyr Ph. A.p 



Hit His Asp 
4 3 5 



Me V.l Gly Trp Thr Acb Olo Oly A.p Sei Ser 



Val Ala 



:u Ala Ala Leu lie Thr Asp Oly Pro Oly Oly Ala Ly. 
4 5 5 



Arg Met Tyr Val Oly Arg Gl« A. a A 



la Oly Olu Thr Trp Hi. A.p 



Thr Oly A.o Arg Ser Olu Pro Val V.I Me A.n 
483 



Ser Olu Gly Trp Gly 
49 5 



Olu Pbe His 



V.l A.D Oly Oly Ser V.l Ser lie Tyr Val Ola Aig 



{ 2 ) INPORMXnW FOR SBQ ID tKh 4; 

< i ) SBCJUENCE CHARACTEWSnCS: 

( A ) LE^TTH: 520 Ksino acid* 
( B ) TYPE: Maao acid 
( C ) SmiANDEDNESS: single 
( D )TOPOLOOY: Ufle« 

( i i ) MOLECULE TYPE: jrottin 



( T i ) ORKKNAL SOURCE: 

( A ) ORGANISM: BaaOu Muyloiique&ciaa 
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< X i ) SEQUENCE DESCRimON: SBQ ID NO: 4: 
Me! Arg Oly Arg Oly Am Met lie Gift Ly. Arg Ly. Aig Tbr V.l Scr 



P b e Arg 



Leu V.l Leu Met Cy« Tbr Leu Leo Phe V«l Set Leu Pro lie 



Tbr Lyi Tbr Ser Al- Val Aid Oly Tbr Leu Met OIo Tyi Pbe Glu Trp 



T y r Tbr Pro A 



so Asp Oly Oln His Trp Lyi Arg Leo Gin Aso Asp Al« 



G 1 u Hi* L e 



a Set Aip lie Qly lie Tbr Al* V«l Tip lie Pro Pro Al* 



Tyr Lys Gly Leu Sei GId Scr Asp Aso Oly Tyr Gly Pro Tyr Asp Leu 



T y r Asp 



sp Leu Oly OIu Phe Ola Oln Lys Oly Tbr Val Arg Tbr Ly. Tyr 



Gly Tbr L y 



I Ser Olu Leu Gift Aip Al« lie Gly Sex Leu His Ser Arg 



ASK Val Gin V.l Tyr Gly Asp Val V.l Leo Asn His Lys Ala Gly Ala 

13 0 5 ^ 1*0 

AIP Ali Tbr Olu Asp Val Tbr Ala Val Olo Val Asa Pro Ala Aso Arg 

143 150 155 160 

A I o GIu Olo Tbr Ser Olu Olu Tyr Olo lie Lys Al* Trp Thr Asp Pbe 



Aig Phe Pro Oly Arg Oly Afi 



TbT Tyr Scr Asp Pbe Lys Trp His Trp 



Tyr His Phe Asp Oly Al* Asp Trp Aip Olu Ser Arg Lys lie Scr Arg 

195 200 205 

lie Pbe Ly. Phe Arg Oly Olu Oly Lyi Al* Trp Asp Trp Olu Val Ser 

2 10 2 15 2 20 

Scr Olu AsD Oly Aso Tyr Asp Tyx Leu Met Tyr Al* Asp Val Asp Tyr 

22 5 2 30 23 5 2 4 0 

Asp His Pro Asp Val Val Ala Olu Tbt Ly. Ly. Trp Oly lie Trp Tyr 

245 250 255 

Al* Aso Oln Leo Ser Leo Asp Oly Pbe Arg lie Asp Al* Ala Lys His 



lie Lys Pbe 
2 7 5 



Ser Pbe Leo Atg Asp Tip V«l Olu Al* Val Aig 0 I » Al* 
280 2»5 



Tbr Oly Lys Olu Met Pbe Tbr Val Ala Olu Tyt Trp O I li Asn Asn Ala 

290 295 300 

Oly Lys Leu Olu Asa Tyr Leu Asa Lys Tbt Ser Pbe Asa Gin Ser Val 

3 0 5 3 1 0 3 t5 

Pbe Asp Val Pro Leu Hi* Pbe As* Leu Oln Al* Al* Sei Ser Oln Oly 



Oly Oly Tyr Asp Met Arg Arg Leu Leo Asp Oly Tbr V*] 



3 3 5 
Set Arg 



Hi. Pro Olu Lys Al* Vat Thr Pbe Val Olo Asn His Asp Tbr Ol* Pro 

355 360 365 

Oly OlD Ser Len Olo Ser Thr Val Oln Tbr Trp Phe Lys Pro Leu Al* 



Tyr A I * Pbe 
3 8 5 



lie Leo Thr Arg Olu Ser Oly Tyr Pro Oln Val Phe Tyr 



Oly Asp Met Tyr Oly Thr Lys Oly Thr Ser Pro Lys Ol 
40 5 4 10 



1 c Pro Scr 
4 1 5 
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L«u Lvi A.p A.o lie Glu Pro lie Leu Lyi Al- Arg Lys Olu Tyr Al. 
420 

Tvr Oly Pro Oln HiJ A»p Tyr tie Aip Hii Pro A»p Val lie Oly Trp 
435 440 

Tbf Arg Gin Oly Aip Ser Set Al« Ala Ly> Ser Gly Leu Al- Ala Leu 
450 455 460 

Me ThT A»p Gly Pro Oly Oly Ser Lyi Are Mtt Tyr Ala Oly Leu Ly» 
465 470 475 480 



A S D 



Ala Oly Glu Thr Trp Tyi Aip lie Thr Gly Asn Arg Ser Aip T h r 



Val Ly» Me Oly Ser Atp Gly Trp Gly Glu Pbe Hi» V.l Ata A»p Oly 

5 0 0 5 0 5 5 10 

S«r Val Set lie Tyr Val Oln Lys 

3 15 5 20 

) INFORMATION FOR SEQ ID NO: 5: 

f i > SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 544 amino acids 
( B )TYPE: minoacid 
( C ) STRANDEDNESS: tingk 
( D > TOPOLOGY: linear 

( i i ) MOLF-CULE TYPE: proteifl 

( T i ) ORIGINAL SOURCE: 

( A ) C«tOANlSM: BaclDui ttearocbamaphaha 

< X i ) SEQUENCE DESCRiniON: SEQ ID NO: 5: 

Val Leo Thr Phe His Arg Il« A. r g Lyi Oly Trp Met Phc Lea Leo 

1 5 10 * 5 

Ala Pbe Leo Leu Thr Ala Ser Leu Phe Cyi Pro Thi Oly Arg His Ala 
20 25 30 

Lys Ala Ala Ala Pro Phe Aia Gly Thr Met Met Gin Tyr Phe Olo Trp 
35 40 45 

Tyr Leu Pro AipAip Oly Tbi Leu Trp Tbr Lys Val Ala Aie Olu Ala 
5 0 5 5 6 0 

AsD Asa ten Ser Ser Leu Oly lie Tbr Ala Leu Sci Leo Pro Pro Ala 
65 70 75 «0 

Tyr Lyi Oly Thr Set Arg Ser Aip V.l Oly Tyr Oly Val Tyr Asp Leu 
8 5 90 9 5 

Tyr Asp Leo Oly Glu Phe Ain Gin Ly» Oly Thr Val Arg Thr Lys Tyr 
1 0 0 1 0 5 I i 0 

Oly Thf Lys Ala Oln Tyr Leu Ola Ala lie Oln Ala Ala Hit Ala Ala 
113 12 0 12 5 

Oly Met Oln Val Tyr Ala Asp Val Val Phe Asp His Lyi Oly Oly Ala 

1 3 0 1 3 5 ^ ♦ 

Asp Oly Thr Glu Trp Val Asp Ala Val Olo Val Asa Pro Ser Asp Atg 
,45 150 155 i«0 

Ain OlQ Olu Me Ser Oly Thr Tyr Olo lie Ola Ala Trp Thi Lys Pbe 
165 170 175 

Asp Phe Pro Oly Arg Oly Asa Tbr Tyr Ser Ser Pbe Lys Trp Arg Trp 
18 0 18 5 15 0 

Tyr His Pbe Aip Oly Val Asp Trp Asp Olo Ser Arg Lys Leu Ser Arg 
195 200 203 

Me Tyr Lys Pbe Arg Gly Mo Oly Lys Ala Trp Aip Trp Olo Val Asp 

2 1 0 2 1 3 2 2 0 

Thr Olu Asn Oly Aim Tyr Asp Tyr Leo Mel Tyr Ala Asp Leo Asp Met 
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Wc claim: 

1. An a-amylasc comprising an A domain, a C domain 
and a calcium binding site, whcrdn said calcium binding site 
is associated with said A domain and said C domain com- 
prises ligand residues in said A domain and/or said C 
domain, wherein said a-amylase is modified to alter the 
characteristics of said calcium binding site and thereby alter 
the perf(OTnance of said a-amylasc by substituting ao amino 
acid residue at a position corresponding to one or more of. 
Q298. G299, G301, Y302, L307, N309. Q340, F343. F403, 
H405. H406, D407, . G410. L427. 1428. D430. 0433. K436. 
N473, G474 and G475 in Bccillus Uchemformis, 

2. The a-amylase acco-ding to claim 1. wherein said 
a-amylasc is produced by Bacillus. 



3. The a-amylase according to claim 2. wherein said 
55 a-araylase is produced by Bacillus lichenifonms. Bacillus 

amyloliquefacicns or Bacillus stearvth^nrtophilus. 

4. A detergent comprising the a-amylase according to 
claim 1. 

5. A starch liquefaction composition comprising the 
a-amylase according to claim 1. 

^ 6. The a-amylase according to claim 1, wherein said 
a-amylasc further con5)rises a substitution or deletion at one 
or more residues equivalent to M15. V128. H133. W138, 
N188, A209 and/or M197 in Bacillus licheniformis. 

7. The a-amylase according to claim 1 which is modified 

65 by substituting an amino acid residue at a position corre- 
sponding to one or more of G301. H405. H406 and/or K436 
in Bacillus licheniformis. 
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8, An a-amylase coxnprising an A domain, a C donj SenS? sS'cSa^ t^^^^^ 

and a calcium binding site, wherein said ^«;j^t,indiDg sUe ^J^^f^^^^^ by substituting an amino 

is associated with said A domain and said C <^^n com^ fcXelwr^t a p^^on cortesponcUng to F343 in Bacillus 

I^cs Ugand residues in said A domam and/or said C ^[^^J^^/^^ ^ 

domain, wherein said a-amylase is modified to alter the 5 ^ a-amylase comprising an A domain, a C domain 

characteristics of said calcium binding site and thereby alter a calcium binding site, wh^ein said calcium binding site 

the performance of said a-amylasc by substituting an aimno associated with said A domain and said C domain com- 

acid residue at a position corresponding to Q29S in Bflcii/MJ ^^.^^ ^.^^^^ residues in said A domain and/or said C 

licheniformis. , domain, wherein said a-amyiase is modified to alter the 

9. An a-araylasc con^sing an A domain, a C domain lO characteristics of said calcium binding site and tiiercby alter 
and a calcium binding site, wherein said calcium binding site performance of said a-amylase by substituting an anuno 
is associated with said A domain and said C domain com- ^^id residue at a position corresponding to F403 m Bacillus 
wises ligand residues in said A domain and/or said C licheniformis, . 

domain wherein said a-amylase is modified to after the 17. An a-amylase comprising an A domain, a C domain 

characteristics of said calcium binding site and Uiereby alter 15 and a calcium binding site, wherein said calcium binding sue 

the oerformancc of said a-amylase by substituting an amino js associated with said A domain and said C domam com- 

SellTlJt aSsitionc^^^^^^ prises Ugand residues in ^^f^^.^^^^"^^^^^^, 

v Z fr^r^i. domain, wherein said a-aroylase is modified to alter me 

?o {nT amylase comprising an A domain, a C domain characteristics of said calcium binding site and thereby alter 

prises Ugand residues in said A .'^^.^^^^ w"£Tamylase comprising an A domain, a C domain 

prises Ugand residues in said A domain and/or said C licheniformis. • • a ^„„«;n « C domain 

is associated with s<dd A domain and said C domain com- acid residue at a posiUon coirespondmg to D407 inBacUus 

•^rtcM h'oanrf rp'^iidues in Said A domain and/or said C 40 licheniformis. 

pnses ligand resioucs in saiQ a .^'"'^ ^ a-amylase comprising an A domain, a C domain 

Srer^rs^^'c^ir^^La^.^g'^SJnl;^^^ anfa ctfciL^^Sding sil^whertin s^d cal«^^^ 
S^ce of«ida-amylase by substituting an «mno is associated with said A domam^and said C <>°«^ 
^^=taposi.ioncJspon^ngtoUa,inB.«.. ^-^^t^ ^^ti i^^^^^'Z'^. 

?r'£T"amvlase comprising an A domain, a C domain characteristics of said calcium binding site and thereby alter 

and ,cUdLT£gTi^Xtin said calcium binding site the performance of said a-amylase by -^sntutrng an ar^^ 

U assS«ed with s^d A domain and said C domain com- acid residue at a posiUon coirespondmg to G410 in BacUlus 

wises Ugand residues in said A domain and/or said C licheniformis. ... ^„™.in , r Hnmain 

d^^ wherein said a-amylase is modified to alter the so 21. An a-amylase compnmg an ^ 

S^;r^S said calcium binding site and thereby after and a caldum binding site, wherein said ^fJ^^'^ t*"*^^^^ 

S^ce of said a-amylase by'subsdtuting an «nino is associated with said A '^^J^^^^J^^^'^c 

aciiTesidueataposiUon«>.espondingtoN309inB«c«/«. ^^LtTZl^^oZ'^^ 

w"'£.T'amvlase comprising an A domain, a C domain 55 characteristics of said calcium binding site and thereby alter 

anlacddLTSJ^SinsJdcaldumbinding^^ ^-P^'----'=^-'^:'^-^y'^'^::^fTl^^^ 

h ass^ated with s^d A domain and said C domain com- acid residue at a position corresponduig to L427 m Bactlus 

prises ligand residues in said A domain and/or said C Uckeniformis. H«™,in a r domain 

d^Ln. wherein said a-amylase is modified to after the 21. An a-amylase compr«.ng an ^ donm-K a C don^n 

Sen^ti^ofsaidcaldumbindingsiteandthereby alter eo ?"<»"<^°""'btodings.te.wh^«ud^^^^^^ 

the performance of said a-amylase by substituting an amino is assoaated with said A '^'''^J^^^^^^^^^^^'^c 

.ifidueataposiU^^ E^^^^S^r^id ^at^Js^f 

S'"2.Tamylase comprising an A domain, a C domain characterisUcs of said caldum binding site and thereby altar 

Jactrdui^^Lg'l^wherLsaidcaldumbindingsite 65 the performance of said a-amylase^sub^^^^ 

U assodated with s:dd A domain and said C domain com- add residue at a pos.uon correspondmg to 1428 m BacUlus 

prises ligand residues in said A domain and/or said C licheniformis. 
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23. An a-amylasc comprising an A domain, a C domain is associated with said A domain and said C doraam com- 

and a calcium binding site, wherein said calcium binding site prises Ugand residues in said A domain and/or said C 

is associated with said A domain and said C domain com- domain, wherein said a-amylase is modified to alter the 

prises Ugand residues in said A domain and/or said C characteristics of said calcium binding site and thereby after 

domain, wherein said a-amylase is modified to alter die 5 performance of said a-amylase by substituting an amino 

characterisUcs of said calcium binding site and thereby alter ^^j^ residue at a position corresponding to N473 in Bacillus 

the performance of said a-amylase by substituting an amino Hcheniformis 

acid residue at a position corresponding to D430 in Bacillus ^ ot-amylase comprising an A domain, a C domain 

^''^xTSl-'amylasc comprising an A domain, a C domain lO and a calcium binding site, wherein said calcium binding site 

and a calcium binding site, wherein said calcium binding site is associated with said A domain and said C domain com- 

is associated with said A domain and said C domain com- prises Ugand residues in said A domain and/or said C 

prises ligand residues in said A domain and/or said C domain, wherein said a-amylase is modified to alter the 

domain, wherein said a-amylasc is modified to alter the characteristics of said calcium binding site and thereby alter 

characteristics of said calcium binding site and thereby alter 15 the performance of said a-amylase by substituting an amino 

the performance of said a-amylase by substituting an amino acid residue at a position corresponding to G474 in Bacillus 

acid residue at a position corresponding to G433 in Bacillus Uchenifonms, 

licheniformis. 28. An a-amylase comprising an A domain, a C domain 

25. An a-amylase comprising an A domain, a C domain g^jj ^ calcium binding site, wherein said calcium binding site 
and a calcium binding site, wherein said calcium binding site 20 associated with said A domain and said C domam com- 
is associated with said A domain and said C domain com- prises Ugand residues in said A domain and/or said C 
prises Ugand residues in said A domain and/or said C domain, wherein said a-amylasc is modified to alter die 
domain, wherein said a-amylase is modified to alter the characteristics of said calcium binding site and thereby alter 
characteristics of said calcium binding site and thereby alter performance of said a-amylase by substituting an amino 
the performance of said a-amylase by substituu^g an ammo 25 ^^.^ ^^^.^^^ ^ ^ .^^^ corresponding to G475 in Bacillus 
acid residue at a position corresponding to K436 in Bacillus 

, , . Ucnenijomus. 
Ucneniformis, 

26. An a-araylase comprising an A domain, a C domain 

and a calcium binding site, wherein said calcium binding site ***** 



